**What is known?**•Intensive care unit-acquired weakness (ICU-AW) is a main factor that affects the recovery of ICU patients and their quality of life after discharge.•Neuromuscular electrical stimulation (NMES) has been recognized as an alternative therapy to promote movement in critically ill patients, but the effectiveness of NMES in preventing ICU-AW is not clear.

**What is new?**•The results of this study confirmed that the early introduction of the NMES intervention in ICU patients can prevent ICU-AW to a certain extent; for example, it can improve muscle strength; shorten the duration of mechanical ventilation, length of stay in the ICU and total length of stay in the hospital; increase walking distance and improve the ability of patients to perform activities of daily living.•It is suggested that NMES can prevent ICU-AW in patients with mechanical ventilation and consciousness disturbance who are unable to get out of bed early.

1. Introduction {#sec1}
===============

ICU-AW is a type of neuromuscular dysfunction that is commonly acquired in the intensive care unit \[[@bib1]\] and can lead to persistent muscle weakness \[[@bib2]\]. ICU-AW is related to the severity of the disease the patient has, the duration of MV, sepsis, multiple organ failure, hyperglycemia, the use of neuromuscular blockers, long-term bedridden immobility and the length of stay in the ICU \[[@bib3]\]. ICU-AW manifests as difficulty performing daily activities, a prolonged hospital stay, hyporeflexia, muscle atrophy, and weakness, and it can lead to increased mortality \[[@bib4],[@bib5]\]. The incidence of ICU-AW has been found to be 26%--65% in conscious patients who had mechanical ventilation for 5--7 days, 67% in patients who had mechanical ventilation for more than 10 days \[[@bib6]\], 70% in patients with sepsis and systemic inflammatory response syndrome \[[@bib7]\], and 100% in patients with multiple organ failure \[[@bib3]\], and ICU-AW has been found to affect the health of ICU patients \[[@bib8]\]. In addition, ICU-AW increases nursing costs by 60%, which leads to a large financial and healthcare burden to medical and health institutions and patients' families \[[@bib9]\]. At present, there are no completely effective treatment methods. In the case of insufficient resources in the ICU, the prevention of ICU-AW is particularly important \[[@bib6]\]. NMES is a technique that uses a 30--50 Hz low-frequency current to stimulate specific muscle groups through electrodes; the twitching or contractions of these muscles leads to functional repair. NMES has been recognized as an alternative therapy to promote movement in critical patients \[[@bib10]\], but the topic of whether the early use of NMES can effectively prevent ICU-AW has been controversial.

Some studies have found that NMES has a positive effect on the prevention of ICU-AW, as it can effectively enhance muscle strength and shorten the duration of MV and ICU hospitalization \[[@bib11],[@bib12]\]. However, some studies have also shown that NMES does not statistically significantly improve the muscle strength of ICU patients \[[@bib13],[@bib14]\]. Three studies have systematically evaluated the effect of the early use of NMES in critically ill patients \[[@bib15], [@bib16], [@bib17]\]; however, complete randomization could not be performed in one of the studies due to the small sample size. In addition, there was heterogeneity among the three studies, only descriptive qualitative analysis was adopted, and contradictory conclusions across the studies were drawn, which make the evidence unpersuasive. On the basis of previous studies, in this study, strict criteria on the inclusion and exclusion of literature were implemented, randomized controlled trials on the effects of NMES in ICU patients published from the establishment of the database to April 2019 were identified, and the effects of the NMES intervention on muscle strength, mechanical ventilation time, ICU hospitalization time, total hospitalization time, mortality, ability to perform activities of daily living, functional status, maximum walking distance, and muscle length were evaluated by a meta-analysis. The aim of the study was to provide more accurate and reliable evidence for the prevention of ICU-AW.

2. Methods {#sec2}
==========

2.1. Research design {#sec2.1}
--------------------

The purpose of this study was to examine and quantify the effectiveness of NMES in the prevention of ICU-AW based on the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement \[[@bib18]\].

2.2. Inclusion and exclusion criteria {#sec2.2}
-------------------------------------

### 2.2.1. Inclusion criteria {#sec2.2.1}

Regarding the subjects, ICU patients who were aged ≥18 and \<85 and had duration of mechanical ventilation of \>24 hour were included, and patients with a primary neuromuscular disease, limb deformity, metal prosthesis, orthopedic injury, pregnancy, or a history of cardiac arrest and those who were participating in other trials were excluded.

Regarding the intervention, the patients received NMES treatment with routine treatments and nursing care.

The control measure was either sham NMES (minimum intensity setting, no muscle contraction) or routine treatment and nursing care in the ICU.

The main outcome indicators were as follows: ① muscle strength: the international MRC-score scale was used to evaluate the strength of surrounding muscles \[[@bib19]\]; ② MV duration; ③ ICU length of stay and ④ total length of stay. The secondary outcome measures were as follows: ① activities of daily living, as assessed by the Barthel index for activities of daily living (ADL) \[[@bib20]\]; ② functional independence, as assessed using the ICU Functional Status Score (FSS-ICU) \[[@bib21]\]; ③ maximum independent walking distance; and ④ level of consciousness, as measured by the Glasgow Coma Scale (GCS) on a daily basis \[[@bib22]\].

The studies included were randomized controlled trials (RCTs).

### 2.2.2. Exclusion criteria {#sec2.2.2}

Studies on NMES in combination with other interventions, studies for which the original text and data could not be obtained by various means, studies with statistical errors in the data or methodology, and duplicate studies were excluded.

2.3. Literature retrieval strategy {#sec2.3}
----------------------------------

The Cochrane Library, PubMed, EMBASE, MEDLINE, Web of Science, Ovid, CNKI, Wanfang, VIP, China Biology Medicine disc (CBMdisc) and other databases were searched for Chinese and English articles with the following search terms: "electric stimulation/electric stimulation therapy/neuromuscular electrical stimulation/NMES/electrical nerve stimulation/electrical muscle stimulation/electrical stimulation/physical therapy" "muscle weakness/intensive care unit acquired weakness/ICU-AW/myasthenia/amyosthenia/amyasthenia/intensive care units/ICU/critically ill patients". The article type was limited to randomized controlled trials, and the retrieval time was from the establishment of the database to April 2019. Moreover, the \"snowball\" method was used to identify the references that were included in the articles. [Appendix A](#appsec1){ref-type="sec"} shows the retrieval strategy and results from PubMed.

2.4. Literature selection and quality evaluation {#sec2.4}
------------------------------------------------

### 2.4.1. Literature screening {#sec2.4.1}

Two researchers searched the above databases independently according to the retrieval method and read the titles, abstracts, study types, research objectives and intervention measures of the articles. If an article met the inclusion criteria, the researchers additionally read the full text. After the independent screening process was completed, the screening results were cross-checked, and the differences between the results were discussed preliminarily. If there were still differences between the researchers after the discussion, the corresponding author of this paper resolved the disagreements.

### 2.4.2. Data extraction {#sec2.4.2}

Two researchers used a custom-made literature data extraction table to extract the data provided in the articles. The data that were extracted included basic information on the included article, the sample size, the research subjects, intervention measures, control measures, frequency and intensity of the intervention, and measurement indicators, and the extracted data were cross-checked by the two researchers.

### 2.4.3. Literature quality evaluation {#sec2.4.3}

Two researchers (students who were pursuing master of nursing and had completed the Evidence-Based Nursing course) evaluated the authenticity of the included articles according to the randomized controlled trial risk of bias assessment tool recommended by version 5.1.0 of Cochrane's systematic review manual \[[@bib23]\]. The following aspects were evaluated: ① the generation of random sequences; ② the concealment of the distribution of random schemes; ③ whether the blinding method was adopted for the research subjects, intervention providers and results evaluators; ④ whether the subjects lost to follow-up were reported; ⑤ the possibility of selective reporting of the results; and ⑥ other aspects. Articles with a quality grade of an A were considered to have fully met the quality evaluation standard and have a low risk of bias. Articles with a quality grade of B were considered to have partially met the quality evaluation standard and have a moderate risk of bias. Articles with a quality grade of C were considered to have not met the quality evaluation standard and have a high risk of bias. This study only includes articles with a quality grade of an A or a B. The quality grades were cross-checked by the researchers. If there were disagreements, they were arbitrated by the corresponding author.

2.5. Statistical methods {#sec2.5}
------------------------

RevMan 5.3 software provided by Cochrane was used for the meta-analysis. The relative risk (*RR*) was used to express the effect size for binary variables, and the weighted mean difference (*WMD*) or standardized mean difference (*SMD*) was used to express the quantitative effect for numerical variables or continuous variables; each effect value was expressed with a 95% confidence interval. The *χ*^2^ test was used to determine whether there was heterogeneity between studies. *I*^2^ was used to determine the magnitude of heterogeneity. The larger the *I*^2^ statistic was, the larger the heterogeneity. If *P* \> 0.1 and *I*^2^\<50%, non-heterogeneity was considered to exist. A fixed effects model was used for the meta-analysis. If *P* ≤ 0.1 and *I*^2^≥50%, the source of heterogeneity was analyzed. If there is clinical heterogeneity or methodological heterogeneity between studies, the studies can be divided into subgroups according to the different study designs, levels of study quality and characteristics of the included populations for subgroup analysis. If there is statistical heterogeneity but no clinical heterogeneity between the studies, a random effects model can be used. When the factors that lead to heterogeneity can be measured accurately and explained completely, a Meta regression analysis can be performed. When the level of heterogeneity is excessively high, especially when there is obvious clinical heterogeneity or methodological heterogeneity, and the sources of heterogeneity cannot be addressed by other methods, a meta-analysis is not used, and only a general qualitative description of the results is provided \[[@bib23]\].

3. Results {#sec3}
==========

3.1. Search results {#sec3.1}
-------------------

A total of 693 related studies were identified in the preliminary search, and 11 RCTs \[[@bib13],[@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib29], [@bib30], [@bib31], [@bib32], [@bib33]\], including 576 patients, were finally included. A flow chart detailing the article screening process is shown in [Fig. 1](#fig1){ref-type="fig"}.Fig. 1PRISMA flow diagram.Fig. 1

3.2. Basic characteristics and methodological quality evaluation of the included articles {#sec3.2}
-----------------------------------------------------------------------------------------

Nine English studies and two Chinese studies that were published in 2010--2018 and conducted in Indonesia, Greece, Brazil, Canada, Argentina, the United Kingdom, Austria, China and other countries were included. The basic characteristics of the studies are shown in [Table 1](#tbl1){ref-type="table"}. According to version 5.1.0 of the Cochrane system evaluation manual, the included articles were evaluated; 2 had quality grades of an A, and 9 had quality grades of a B. The specific evaluation results are shown in [Table 2](#tbl2){ref-type="table"}, and the risk of bias assessment diagram of the included articles is shown in [Fig. 2](#fig2){ref-type="fig"}.Table 1Demographics of the studies included in the review.Table 1Study(Author/Year)CountryNumber of cases (E/C)ParticipantsIntervention measuresFrequency/intensityMeasurementECLeite et al. \[[@bib24]\]\
2018Indonesia41/26≥18 years of age, and ≥24 h of MV durationNMESRoutine nursing care45 min per day on the quadriceps; Synchronized impulse at a frequency of 30 Hz.MRC score, MV duration, ICU length of stay, total length of stay, MIP, FSS-ICU, ADL, GCS score.Koutsioumpa et al. \[[@bib13]\]\
2018Greece38/42≥18 years of age, ≥96 h of MV duration and ICU length of stayNMESRoutine nursing care60 min per day for 10 days; Symmetric impulses of 50 Hz per 500 ms phase duration.MRC score, MV duration, GCS score, mortality.Patsaki et al. \[[@bib25]\]\
2017Greece63/65\>72 h of MV duration and level of consistency adequate to respond to at least three of the following orders (\"open/close your eyes\", \"look at me\", \"put out your tongue\", \"nod your head\", \"raise your eyebrows \")NMESFalse NMES + routine care55 min per day on recus femoris and peroneus longus of both lower extremes; Symmetric impulses of 45 Hz, with 400 μ sec pulse duration, 12 sec on (0, 8 sec rise time and 0,8 sec fall time) and 6 sec off.MRC -score.Acqua et al. \[[@bib26]\]\
2017Brazil19/19≥18 years of age,\
≥24 h of MV duration and ≥15 days of total length of stay.NMESFalse NMES + routine care30 min per day and 1 min was added every 2 days of administration; 50 Hz frequency, pulse duration 300 ms, rise time 1sec, stimulus time (on) 3sec, deck time 1sec, and relaxation time (off) 10 sec.MV duration, ICU stay time, rectus abdominis, chest and diaphragm thickness, intubation rate, mortality.Kho et al. \[[@bib27]\]\
2015Canada16/18≥18 years of age,\
≥1 day of MV duration and expected to require at least 2 more days in the ICU.NMESFalse NMES + routine care60 min per day on 3 muscle groups (quadriceps (vastus medialis and vastus lateralis), tibilis antherior, and gastocnemius); And frequency (pulse rate) of 50 Hz.MRC score, MV duration, ICU length of stay, total length of stay, FSS-ICU, maximum walking distance at discharge, mortality, ADLs.Vivodtzev et al. \[[@bib28]\]\
2012Canada12/8COPD patientsNMESFalse NMES35 min of stimulation of the quadrants followed by 25 min of stimulation of the scale for 6 weeks; On both limbs similarly, using the following param meters:50 Hz frequency, 400 ms pulse duration, 6s/16s duty cycle.Maximum walking distance at discharge, cross-sectional area of quadriceps femoris and calf muscles, quadriceps femoris strength and endurance.Rodriguez et al. \[[@bib29]\]\
2012Argentina16/16Septic patients, requiring MV and having 1 or more organ failure other than respiratory performance were enrolled within 48 h from admission to the intensive care unit.NMESRoutine nursing careTwice a day on bilateral biceps and vast medialis (quadriceps) of one side of the body until MV withrawal; Frequency of 100 Hz, pulse width of 300 μ sec, amplitude ranging from 20 to 200 V (peak to peak).MRC -score.Meesen et al. \[[@bib30]\]\
2010Britain11/11Patients were hospitalised for potential corporate artry bypass Graftin, chronic objective hospital disease, utility failure, or acute cerebro miscellaneous accidentNMESRoutine nursing care30 min per day, training with an intermittent neuromuscular electrical stimulation applied to the right quadrants muscle, 5--100Hz.Thigh circumference.Gruther et al. \[[@bib30]\]\
2010Austria16/17≥19 years of age and with severe discorders.NMESFalse NMES30 min per day in the first week, increased to 60 min per day in the second week and a patient - adjusted intensity. Each patient received 1 session a day, 5 sessions a week for a period of 4 weeks; With a 50 Hz frequency.Thickness of extensor layer of knee joint.Hong Chen et al. \[[@bib32]\]\
2018China38/36≥18 years of age,\
\>48h of MV duration.NMESRoutine nursing care30 min and 2 times per day, 30--100 Hz.MRC score, MV duration, ICU length of stay, total length of stay, prevalence of ICU-AW.Jianlan Sun et al. \[[@bib33]\]\
2016China24/24The patient's condition was in acute aggravation stage, Apache Ⅱ score was 20--40, invasive mechanical ventilation was performed, and the hospitalization time was more than 2 weeks.NMESRoutine nursing care30 min and 2 times per day,12 days as a course of treatment, the lower limbs produce visible micro motion as the criterion, in the premise of patients can bear to choose a higher treatment intensity.MRC score, MV duration, incidence of delirium.[^1]Table 2Quality evaluation of study methodology included in the literature.Table 2StudyRandom allocationAllocation concealmentBlind methodWhether to describe loss of follow-upSelective results reportOther migrationQuality gradeLeite et al. \[[@bib24]\]UnclearHighHighYesLowLowBKoutsioumpa et al. \[[@bib13]\]LowHighHighYesLowLowBPatsaki et al. \[[@bib25]\]LowLowLowYesLowLowAAcqua et al. \[[@bib26]\]LowLowLowYesLowLowAKho et al. \[[@bib27]\]UnclearLowLowYesLowLowBVivodtzev et al. \[[@bib28]\]UnclearHighLowYesLowLowBRodriguez et al. \[[@bib29]\]HighLowLowYesLowLowBMeesen et al. \[[@bib30]\]HighHighLowYesLowLowBGruther et al. \[[@bib31]\]LowHighLowYesLowLowBHong Chen et al. \[[@bib32]\]LowHighHighNoLowLowBJianlan Sun et al. \[[@bib33]\]LowHighHighNoLowLowB[^2]Fig. 2Risk of bias of selected studies according to the Cochrane Handbook for Systematic Reviews of Interventions ("+" means low risk; "-" means high risk; "?" means unclear risk).Fig. 2

3.3. Meta-analysis results {#sec3.3}
--------------------------

### 3.3.1. Effect of NMES on the muscle strength of ICU patients {#sec3.3.1}

Seven articles \[[@bib13],[@bib24],[@bib25],[@bib27],[@bib29],[@bib32],[@bib33]\] included in this study used the MRC score to diagnose the incidence of ICU-AW; 5 articles \[[@bib13],[@bib24],[@bib25],[@bib27],[@bib32]\] used an MRC score of \<48 to diagnose ICU-AW and provided the mean and standard deviation in the results, one article \[[@bib29]\] provided the median and 25%--75% quartiles, and the remaining article \[[@bib33]\] only recorded the number of patients with grades 0--5. Therefore, to preserve the integrity of the data, only the indicators obtained by the same evaluation method were included and consolidated. According to the heterogeneity test results, *P* = 0.14 and *I*^2^ = 42%, the level of heterogeneity was acceptable. Therefore, a fixed effects model was used for the meta-analysis. The results showed that the effectiveness of the NMES intervention in improving the muscle strength of ICU patients was better than that of the control group, and the difference was statistically significant \[*MD* = 1.78, 95% CI (0.44, 3.12), *P* = 0.009\]. See [Fig. 3](#fig3){ref-type="fig"}.Fig. 3Effects of NMES on muscle strength of ICU patients.Fig. 3

### 3.3.2. Effect of NMES on MV duration in ICU patients {#sec3.3.2}

Six studies \[[@bib13],[@bib24],[@bib26],[@bib27],[@bib32],[@bib33]\] evaluated the effect of NMES on the MV time of ICU patients. The outcome indicators were reported with different units: 4 studies used d/day, and 2 studies used h/hour. *SMD* was used to standardize the results. According to the results of the heterogeneity test, *P* = 0.05 and *I*^2^ = 55%, there was heterogeneity between the studies; to exclude clinical heterogeneity and methodological heterogeneity, a random effects model was used for the integrated meta-analysis. The results showed that the effectiveness of the NMES intervention in shortening the MV duration of ICU patients was better than that of the control group, and the difference was statistically significant \[*SMD* = −0.65, 95% CI (−1.03, −0.27), *P* \< 0.001\]. See [Fig. 4](#fig4){ref-type="fig"}.Fig. 4Effects of NMES on MV duration of ICU patients.Fig. 4

### 3.3.3. Effects of NMES on ICU length of stay, total length of stay and mortality in ICU patients {#sec3.3.3}

Four articles \[[@bib24],[@bib26],[@bib27],[@bib32]\] evaluated the effect of NMES on the length of stay in the ICU. The heterogeneity test results were as follows: *P* = 0.61, *I*^2^ = 0%. A fixed effects model was used for the meta-analysis. The results showed that the effectiveness of the NMES intervention in shortening the length of stay in the ICU was better than that of the control group, and the difference was statistically significant \[*MD* = −3.41, 95% CI (−4.58, −4.24), *P* \< 0.001\]. Three studies \[[@bib24],[@bib27],[@bib32]\] evaluated the effect of NMES on the total length of stay. The heterogeneity test results were as follows: *P* = 0.46, *I*^2^ = 0%. Thus, a fixed effects model was used for the meta-analysis. The results showed that the effectiveness of the NMES intervention in shortening the total length of stay was better than that of the control group, with a statistically significant difference \[*MD* = −3.97, 95% CI (−6.89, −1.06), *P* = 0.008\]. See [Fig. 5](#fig5){ref-type="fig"}. Three studies \[[@bib13],[@bib26],[@bib27]\] evaluated the effect of NMES on the mortality of ICU patients. The heterogeneity test results were as follows: *P* = 0.47, *I*^2^ = 0%. A fixed effects model was used for the meta-analysis. The results showed that there was no difference in mortality between the NMES intervention group and the control group, and the combined effect was not statistically significant \[*RR* = 1.07, 95% CI (0.62, 1.84), *P* = 0.80\]. See [Fig. 6](#fig6){ref-type="fig"}.Fig. 5Effects of NMES on ICU length of stay and total length of stay.Fig. 5Fig. 6Effect of NMES on mortality.Fig. 6

### 3.3.4. Effects of NMES on the ability to perform activities of daily living, functional state and maximum walking distance of ICU patients {#sec3.3.4}

Two studies \[[@bib24],[@bib27]\] used the ADL scale to evaluate patients' ability to perform activities of daily living, with a total score of 100. The higher the score, the better their ability was. Due to a large difference in the mean, the *SMD* and the effect size were calculated, and the heterogeneity test results were as follows: *P* = 0.32, *I*^2^ = 0%. A fixed effect model was used for the meta-analysis. The results showed that the effectiveness of the NMES intervention in improving patients' ability to perform activities of daily living was better than that of the control group, and the difference was statistically significant \[*SMD* = 0.9, 95% CI (0.45, 1.35), *P* = 0.001\]. Two studies \[[@bib24],[@bib27]\] used the FSS-ICU scale to evaluate the functional status of the ICU patients after the NMES intervention. The total score ranged from 0 to 35 points. The higher the score, the better the functional status was. The results of the heterogeneity test were as follows: *P* = 0.008, *I*^2^ = 86%. The causes of heterogeneity may include differences in the severity of the patient's condition and the length of the intervention time. A meta-analysis was carried out by using a random effects model. The results showed that there was no difference between the NMES intervention group and the control group in improvements in the patient's functional state, and the combined effect was not statistically significant \[*MD* = 9.14, 95% CI (−1.14, 19.43), *P* = 0.08\]. Two studies \[[@bib27],[@bib28]\] evaluated the maximum walking distance of patients, and the heterogeneity test results were as follows: *P* = 0.82, *I*^2^ = 0%. A fixed effects model was used for the meta-analysis. The results showed that the walking distances of the patients in the NMES intervention group were longer than those of the participants in the control group, with a statistically significant difference \[*MD* = 239.03, 95% CI (179.22, 298.85), *P* \< 0.001\] ([Fig. 7](#fig7){ref-type="fig"}, [Fig. 8](#fig8){ref-type="fig"}, [Fig. 9](#fig9){ref-type="fig"}).Fig. 7Effects of NMES on patients' daily living ability (ADL).Fig. 7Fig. 8Effects of NMES on functional status during hospitalization.Fig. 8Fig. 9Effect of NMES on walking distance at discharge.Fig. 9

### 3.3.5. Effect of NMES on the consciousness of ICU patients {#sec3.3.5}

Two studies \[[@bib13],[@bib24]\] assessed the effect of NMES on the state of consciousness in ICU patients. The GCS score was used for scoring. The highest score was 15 points. The higher the score was, the clearer the consciousness. The results of the heterogeneity test were as follows: *P* = 0.08, *I*^2^ = 66%. To exclude clinical heterogeneity and methodological heterogeneity, the meta-analysis was conducted by using a random effects model. The results showed that there was no difference in the consciousness state between the NMES intervention group and the control group, and the combined effect was not statistically significant \[*MD* = 0.78, 95% CI (−0.07, 1.62), *P* = 0.07\].

### 3.3.6. Effect of NMES on muscle thickness in ICU patients {#sec3.3.6}

Four studies evaluated the muscular thickness or area after the NMES intervention. However, due to the different measurement sites used in each study, we could not combine the data or the meta-analysis, so we only performed descriptive analysis. Acqua's \[[@bib26]\] study demonstrated that there was no change in the thickness of the rectus abdominis or pectoral muscles in ICU patients after the NMES intervention, but the thickness of the muscles in the conventional nursing group decreased statistically significantly. Vivodtzev's \[[@bib28]\] study demonstrated that NMES improved the cross-sectional area of the quadriceps femoris and calf muscles in patients and maintained the balance of muscle anabolism and catabolism. Meesen's \[[@bib30]\] study demonstrated that NMES stimulation can prevent muscular atrophy in patients and has no effect on cardiopulmonary function. Gruthe's \[[@bib31]\] study showed that long-term NMES stimulation can increase the thickness of the extensor layer of the knee joint in patients. These studies, to a certain extent, help prove that NMES stimulation on muscles is beneficial and safe.

### 3.3.7. Publication bias analysis {#sec3.3.7}

Publication bias refers to the tendency of statistically significant and positive results to be published more often than negative or invalid results. In this study, we aimed to generate a funnel chart of some combined effects, as shown in [Fig. 10](#fig10){ref-type="fig"}, [Fig. 11](#fig11){ref-type="fig"}. The distribution of each study result on both sides of the funnel is basically symmetrical. However, due to the small number of included studies, we cannot completely exclude the possibility of publication bias. Therefore, to some extent, this bias may affect the authenticity and reliability of the research results.Fig. 10Funnel diagram of the effects of NMES on muscle strength.Fig. 10Fig. 11Funnel diagram of the effect of NMES on MV duration.Fig. 11

4. Discussion {#sec4}
=============

4.1. Effectiveness of NMES in preventing ICU-AW {#sec4.1}
-----------------------------------------------

This study shows that NMES can effectively improve the muscle strength of ICU patients; shorten the MV, length of stay in the ICU and total stay in the hospital; improve the ability of patients to perform activities of daily living; and increase the walking distance at the time of discharge. To some extent, NMES can prevent ICU-AW by reducing related risk factors, and it is especially suitable for patients who are under mechanical ventilation, unconscious, and unable to get out of bed in the early stage of a coma. However, the effect of NMES on the functional status, consciousness level and mortality of ICU patients during hospitalization is still unclear. Only two articles included in this study evaluated the effect of NMES on the functional status of ICU patients. Due to the high level of heterogeneity, the meta-analysis showed that the combined effect was not statistically significant, and this result needs to be further verified. Two studies evaluated the effect of NMES on the consciousness level of patients. The meta-analysis showed that there was no statistical significance between the two studies. Three studies evaluated the effect of NMES on the mortality of ICU patients. At present, there is no evidence that NMES can reduce the mortality of ICU patients, but studies with larger sample sizes still need to be conducted for further verification.

4.2. Methodological characteristics and limitations of this study {#sec4.2}
-----------------------------------------------------------------

In this study, newly published, relevant RCTs that were published before April 2019 were included, the sample sizes of the included studies were larger than those of studies included in other systematic evaluations, and a quantitative analysis was conducted on the data in the form of a meta-analysis, which allowed us to determine the differences in the main results as well as the authenticity and reliability of the results. We used robust statistical analysis tools, including a random effects model, in which the weights of small and large studies are taken into account. In addition, different conclusions were drawn on whether NMES can improve the muscle strength of ICU patients and shorten the MV and length of stay in the ICU in a study by Zhang et al. that only included 5 RCTs \[[@bib34]\]. This result may be related to differences in the inclusion and exclusion standards, study subjects, sample size and other factors. Based on the differences in the results of the two studies, it is suggested that the effectiveness of NMES in preventing ICU-AW is further verified in higher quality studies. Moreover, there are some limitations of this study. First, some outcome indicators have an obvious level of heterogeneity, which may be related to differences in the patient groups and characteristics. The pathophysiological mechanism of ICU-AW is currently unclear, and too many influencing factors inevitably lead to clinical heterogeneity among the subjects included in each study. Second, this study only included articles published in Chinese and English and ignored gray literature and articles published in other languages in the retrieval process, which may lead to some errors in the results of this study. Third, in this study, adverse effects and cost-effectiveness were not assessed.

5. Conclusion {#sec5}
=============

The early implementation of the NMES intervention in ICU patients can effectively increase muscle strength; shorten the MV, length of ICU hospitalization and total length of hospitalization; promote patient recovery; improve the quality of life of patients after discharge; and prevent the occurrence of ICU-AW to a certain extent. However, there is no evidence that proves whether NMES can improve the functional status of patients during their stay in the ICU, promote the early awakening of patients and reduce the mortality of patients in the ICU. In the future, a large-scale and multicenter high-quality study should be conducted to further verify the effectiveness of NMES in preventing ICU-AW in different cohorts and evaluate the clinical feasibility of NMES.
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[^1]: *Note*: E: the experimental group; C: the control group; MV: mechanical ventilation; NMES: neuromuscular electrical stimulation; MIP: the maximum inspiratory pressure; FSS-ICU: functional status score of ICU; GCS score: Glasgow Coma Scale score; ADL: activity of daily living.

[^2]: *Note*: high: high risk offset; low: low risk offset. Yes: Loss of follow-up is described; No: There is no lost to follow-up.
